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SUtlMARY: Cortisol at a concentration of 5xiO’611 induces profound changes in 
U.V. absorption spectra of isolated nuclei from rat ilver and thymus. The 
changes occur within the first 10 min of cortisol action. In both types of 
nuclei, a blue shift of S-10 nm from the nonaal absorption maximum at 260- 
270 nm is evident. In addition, liver nuclei exhibit an elevation of the 
spectrum at 230-270 nm (increased U.V. absorption), while the spectrun of 
thymus nut lei becomes flattened. No such changes occur ln nuclei exposed 
to a physiologically inactive hormone (pregnenolone). The results are 
interpreted as evidence for cortisol-induced perturbations In deoxyribo- 
nucleoprotein structure with consequent changes in the degree of condensation 
of nuclear chromatin. 

Glucocortlcosteroid hormones influence RNA metabolism in liver and 

in lymphatic tissue. Liver cells respond to corticosteroids by an increased 

rate of RNA synthesis (1,2). In vitro studies have revealed that the template 

activity of nuclear chromatin from liver ceils Is increased in the presence 

of tort ices teroids (3,4). Glucocorticosterolds also Induce an increase in the 

number of actinornycin D binding sites in ONA of chromatin of liver nuclei 

(4,5), a phenomenon which is believed to indicate a dissociation of DNA- 

protein complexes (6) related to the activation of nuclear genome (7,8). 

Glucorticoid-induced changes in liver nuclear chromatin occur not only & 

vivo but also In vitro, I.e. when Isolated nuclei (5) or chromatln (4) are 

treated with the hormones. 

Lymphoid cells, in direct contrast to liver cells, respond to 

glucocorticosteroids with suppression of RNA synthesis (8,g-14). Isolated 

thymus nuclei (5,12,13) or chromatin extracted from thymus cells exposed to 

the hormones In vivo, exhibit decreased RNA-polymerase activity (11,13) and 

a decrease in the nunber of actinomycin 0 binding sites (5,14). Unlike the 

situation with liver ceils, neither isolated nuclei nor the chromatin of 
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iymphoid cells respond to glucocorticosteroids in vitro (4,s). it can be -- 

stated that in both cei I types the steroid hormones seem to Induce changes 

in nuclear chromatin, but the nature of change is possibly different in 

different nuclei types. Recently it has been shown that isolated nuclei 

can be studied by optical methods (15-17). In the present communication 

we describe corticosteroid-induced changes in U.V. absorption spectra of 

isolated nuclei frcxn liver or thymus. 

HATERIAL AND HETHODS: Two-month-old Sprague-Dawley rats were decapitated, 

the livers and thymuses were excised and transferred into buffered salt 

solution at OOC. Liver nuclei were isolated according to the procedure of 

Chauveau et al. (18) using the modification of Pogo et al. (19). The tissue -- 

was homogenized in 0.3W sucrose-f&I llgCi2 by blending at 5,000 rpn in a 

Virtis homogenizer for 2 min. The suspension was filtered through eight- 

layers of gauze, and centrifuged at 800x9 for IO min. The crude nuclear 

peiiet was resuspended in 2.h sucrose-in94 HgCi, by blending at 3,000 rpr 

for 2 min. The suspension was centrifuged at 50,OOilxg for 60 min. Sedi- 

mented nuclei were resuspended in 0.25H sucrose-kM HgCi,-O.iH tris-HCI 

buffer, pH 7.6 (STf4) and centrifuged at l,OOOxg for 5 min. The nuclear 

pellet was washed once more i 

nuclei resuspended in STH at 

ml. 

n SHT and the final white pellet of liver 
-. 

a concentration of approximately 3x10’ nuclei/ 

Thymus nuclei were i solated as described before (S), following 

which they were resuspended in SHT medium, at the same concentration as 

liver nuclei. Isolation of nuclei was always carried out at OA°C. The 

stock suspensions of nuclei remained at O°C before being subjected to B.V. 

measurements. 

Optical measurements were done with a Cary-15 spectrophotometer, 

using I cm ( 4mi volume) quartz cuvettes. Suspensions of nuclei at a 

concentration of 0.7 to l.OxiO’/ml obeyed Beer’s law throughout the spectral 
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range employed. The measurements and incubations of nuclei with hormones 

were performed at room temperature. 

RESULTS: Fig. 1 shows a representative absorption spectra of liver and thymus 
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A ,nm 
Figure I. Absorption spectra of liver and thymus nuclei, control and steroid- 

treated. The U.V. absorption of liver nuclei, suspended in 0.25H 
sucros -4nM MgCl -0, ikl tris-tic1 at pH 7.6 (SMT) at concentration 

& 8,0x10 /ml was rgcorded using SHT solution in the reference light 
path (control nuclei). Then, 20 ui of concentrated solution of 
cortisol (a4-Pregnen-ii , 17 , 21-triol-3,20-dione; Signa, dissol- 
ved in 4% v/v ethanol in SIIT) was added into the sample and the 
referenced cuvettes to obtain a final concentration 5xi0’6H. The 
second measurement was performed IO rain after addition of the 
hormone (nuclei + cortisoi). The experiment on thymus nuciei was 
performed in a similar way 

6 
except that the nuclei were measured 

at concentration of 9.0x10 /ml. In another experiment, after 
recording the spectrum of liver nuclei, the biologically inactive 
steroid (a 5-pregnene-3 -Oi-20-one) was added into the cuvettes to 
a final concentration of 5x10~6n. The spectrum was recorded 10 
nin later (nuclei + pregnenelone). 
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nuclei alone, and after addition of steroids. The spectrum of liver nuclei 

closely resembles that of soluble nucleohistone (16,17). in contrast, thymus 

nuclei exhibit a broader band. In the presence of cortisol, both liver and 

thymus nuclei show a S-10 nm shift of absorption maximum to the blue. In 

addition, an increase in magnitude of the band at 260 nm occurs in the case 

of liver nuclei; the cortisol-induced band in thymus nuclei is flattened. No 

such changes are observed when nuclei are treated with the biologically in- 

active steroid (5-pregnene-3 -ol-to-one). 

We are aware that light scattering may interfere with optical measure- 

ments of nuclei suspensions. In the present studies the effect of light 

scattering was found to be minimal since moving the cuvettes from standard 

position to close to the detector did not have any appreciable effect on the 

spectra. Moreover, the results were verified by the differential spectrum 

which is not affected by light scattering. 

The differential spectrum (Fig. 2) was recorded using identical sus- 

pensions of nuclei in both sample and reference cuvettes. The magnitude of 

the change induced by cortisol in the different spectrum is completely con- 

sistent with the conventional absorption measurement (Fig. 1). 

DISCUSSION: There is a marked difference between the U.V. absorption spectra 

of liver and thymus nuclei. it is believed the difference is due to the 

different states of chromatfn condensation (16,17). The chromatin in liver 

nuclei is more homogenous than in thymic nuclei and has U.V. absorption 

propertles similar to soluble nucleohistone. The more flattened spectrum 

observed with thymus nuclei occurs presumably because there are local areas 

of highly condensed chromatin within the nucleus (“granular chromatin”) (17). 

The changes observed in the spectrum of liver or thymus nuclei following 

cortisol administration presumably reflect perturbations ln nucleoprotein 

structure induced by cortisol. The maximal changes occur at concentration 

of 5~10% and above of cortisol (20). The maximal response of liver or 
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A m 

Figure 2. Different spectrum of liver nuclei treated with cortisol at 5x10-64 
concentration. The measurement was performed using identical 
suspensions of liver nuclei (8xlo6/ml) in the sample and in refer- 
ence cuvettes. Ten min before the measurement 20 u1 of cortisol 
solution was added to the sample cuvette and 20 u1 of solvent (4% 
ethanol in SHT) to the reference sample. 

thymus nuclear chromatin to cottisol expressed as an alteration of actino- 

mycin D binding properties (4,5,14) or as a change of template activity 

(4,5, IO). occur also at ~xIO’~M cortisol concentration. Considering the 

above, and also that biologically inactive pregnenolone does not affect 

U.V. spectra, we suspect that the perturbations in chromophoric portion of 

chromatin in the presence of cortisol may represent changes in nucieoprotein 

related to the biological function of the hormone. Experiments to test 

this hypothesis are in progress. 

Two different types of changes in U.V. spectrun are observed as a 

result of cortisol action, namely, the blue shift in the absorption maximum 

(S-10 run) and the flattening (thymus) or elevation (liver) of the absorption 
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spectra. The first type of change which was observed in nuclei of both 

tissues presumably indicates interaction of hormones with the chromophoric 

portion of nucleohistone. In view of the hydrophobic stacking properties of 

the bases in nucleic acids, it is not surprising that hydrophobic molecules 

of biological importance such as steroid hormones or poiycycllc carcinogens 

interact strongly with nucleic acids (21,22). This interaction, however, is 

associated with a conformational perturbation of supercoiled nucieohistone, 

possibly due to an interaction in the chemical environment of the chromophore. 

The flattening of absorption spectrum of thymus nuclei as a result of cortisol 

action seems to represent the morphological changes of the type of increased 

“granulation ” that is characteristic of the more condensed chromatin in the 

nuclei (17). The elevation of the spectra of liver nuclei in the presence of 

cortisoi may indicate the increased degree of homogeneity of chromatin within 

the nuclei. Similar elevation of the spectra also occurs at high ionic 

strength and is presumed to be the sign of a dissociation of DNA-protein 

complex (16,17,20). The above Interpretation of an elevation or flattenlng 

of spectra in the presence of cortisoi remains in conformity with the ob- 

servations that the degree of association of DNA-protein complexes in target 

tissue nuclei is affected by the appropriate hormones, as measured by the 

number of sites in DNA which react with actinomycin D or with basic dyes (4, 

5,14,23), or by changes in thermal stability of DNA within the nuclear chroma- 

tin (24). 

There are several possible sites of interaction of corticosteroid 

hormones with nuclear chromat in. Corticosteroids bind to histones (25-27) ; 

the reaction involves covalent binding with terminal arginine and, to a lesser 

extent, lysine (27). The biological significance of this interactlon Is 

uncertain, since inactive steroids react with histones as well as, or better 

than, the active ones (27). The interaction of steroid hormones with non- 

histone protein components of chromatin of appropriate target cells (e.g. 

progesterone - oviduct) has been also shown (28,29); the tissue specificity 
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of these responses point to their biological relevancy (29). Whether or not 

similar interactions occur in liver or thynus is not known. Steroid hormones 

can interact also with DNA, either directly (22,23), or indirectly, via ster- 

old-receptor cytopiasmlc macromolecules (30-32). Recent evidence suggests 

that thls type of interaction may be bloioglcaiiy important in regard to 

modulating RNA metabolism in lymphatic (30) or in liver (hepatoma) cells (31,32). 
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